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§3.2 ŝv ~Æ\hÆ% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
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It is well known that Virasoro algebra plays very important roles in many
areas of mathematics and physics, it is studied extensively and deeply by many
mathematicians and physicists. Recently, many Lie algebras which contain Virasoro
algebra as subalgebra have been found, one of them is the so-called Schrödinger-
Virasoro algebra.
The Schrödinger-Virasoro algebra sv is an infinite-dimensional Lie algebra origi-
nally introduced by M. Henkel by looking at the invariance of the (1+1)-dimensional
free Schrödinger equation (2M∂t − ∂2r )ψ = 0. It is given as follows
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It is easy to see that sv is a semi-direct product of Witt algebra 〈Ln〉n∈Z and
a 2-step nilpotent Lie algebra n = 〈Y 1
2
+n〉n∈Z ⊕ 〈Mn〉n∈Z. Since the central ex-
tension ŝv ≃ V ir ⋉ n of sv contains Virasoro algebra and Schrödinger algebra
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We study the structures and representations of the Schrödinger-Virasoro algebra
and its related algebras. In the first chapter, a class of infinite-dimensional Lie
algebras, called generalized Schrödinger-Virasoro algebras, are defined. Suppose
that F is a field with characteristic zero, G is an arbitray proper additive subgroup
of F, α ∈ F satisfies α /∈ G and 2α ∈ G. we denote the generalized Schrödinger-
Virasoro algebra corresponding to α and G by gsv[G,α]. The automorphism group
of gsv[G,α] is determined, and the irreducibility of Verma modules over gsv[G,α]
is studied.
In the second chapter, Whittaker modules for the Schrödinger-Virasoro algebra
sv are defined. Whittaker module was first discovered by Arnal and Pinzcon in the
study of the representation theory of sl2(C). Block proved that there are only three
classes simple modules over sl2(C): the highest (lowest) weight modules, the Whit-
taker modules and the modules obtained by localization. This implies the important
roles of Whittaker modules in the representation theory of Lie algebras. Kostant
studied the Whittaker modules of the semisimple Lie algebras. The construction of
Whittaker modules of semisimple Lie algebras depends on the triangular decompo-
sition of semisimple Lie algebras. It is natural to consider the Whittaker modules of
any Lie algebra with a triangular decomposition. sv has a triangular decomposition
according to the Cartan algebra h :
sv = sv− ⊕ h ⊕ sv+.
For any Lie algebra homomorphism ψ : sv+ → C, we can define Whittaker modules
of type ψ. When ψ is nonsingular, the Whittaker vectors , the irreducibility and the
classification of Whittaker modules are completely determined. When ψ is singular,
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